Abstract -Preconcentration/ atomic absorption spectrophotometric determination of trace metal ions was investigated with xanthate or dithiocarbamate immobilized silica gels as the chelating functional groups. The preconcentration and determination of trace amounts of palladiu m(I I ), silver(I ), platinum(IV) and gold(I1I) was performed with good precision.
The preconcentration methods based on sorption are considered to be superior to the liquid-liquid extraction as regards simplicity, rapidity, and ability to attain a high concentration factor (1 ] .
Xanthate and dithiocarbamate immobilized silica gels contain the S,S-ligand as the chelating functional groups to react with many metal ions, especially transition elements.
These immobilized silica gels has been made from 8 kinds of silica gels, and used for preconcentration of the 4 kinds of noble metal ions in the range 0.1-1.0 µg/ml by flow method and batch method. The capacity and pH dependence were studied, and the results by these immobilized silica gels were compared.
EXPERIMENTAL
Apparatus For the atomic absorption measurements (AAS), a Nippon Jarrell Ash AA-I Mark II atomic absorption spectrophotometer was used with a acetylene-air flame and a single-element hollow cathode lamp of Pd, Ag, Pt, or Au. A Furue Science RP-MV roller pump was used for the sample solution flowed into the glass mini-columns( 10 cm long and 0.5 cm inside diameter). Measurements of pH were carried out with a Toa-Denpa HM-1 6S pH meter.
Reagent
The 8 kinds of silica gels (Wako Pure Chemical Industries and Fuji-Davison Chemical Ltd. ) are dissimilar in the physical properties.
A sample solution of Pd( II), Ag(I ), Pt(I I, IV) and Au(III) was prepared in required concentrations by diluting the stock standard solution for AAS (Wako Pure Chemical Industries, Osaka) with pure water. The other chemicals used were reagent grade on the market. Synthesis f co in agent immobilized sjlica gels
The synthesis of the chemical immobilized silica gels is carried out after Leyden (2] . The xanthate immobilized silica gels ISilyl xanthate: SX, shown in (a)] are made from that xanthate groups are chemically bonded directly to the surface-OH of silica gels [3] . The xanthate immobilized silica gels having two methylene functional groups as a spacer (C2-Silyl xanthate: C2SX, shown in (b)] are made from that the xanthatation is achieved by the same way after introducing two methylene functional groups by the reaction of 2-bromoethanol with the surface-OH silanol groups on the silica gels.
The Dithiocarbamate immobilized silica gels (C3DTC and C3NHC2DTC, shown in (c) and (d)] is made by stirring 30 g of the silylated silica gels with benzene as a solvent, 2-propanol, carbon disulfide, and tetramethylammonium hydroxide for 15 minutes.
The silylated silica gels are made by the silylated reactions that 3-aminopropyl-triethoxy silane or N-(2-aminoethyl)-3-aminopropyl-trimethoxysilane is reacted with the surface-OH silanol group. General procedures (A) Flow Method: Preconcentration procedure were made for small glass columns packed with from of the immobilized silica gels. The sample solutions after adjusting the optimum pH flowed through the small glass columns with the aid of a roller pump to maintain a constant flow rate.
After washing with pure water, the preconcentrated noble metal ions were eluted from the columns with some eluents. The determination of noble metal ions in a eluate carried out by AAS measurement, (B) Batch Method: For the determination of the maximum capacity by using SX, C2SX, C3DTC or C3NHC2DTC, after the immobilized silica gels were added into a erlenmeyer flask containing a certain amount of noble metal ions, the contents were stirred for 30 minutes. Residual metal ions in aqueous phase were determined by AAS measurement.
RESULTS AND DISCUSSION pH Dependence
The effect of pH on Preconcentration of noble metal ions was investigated.
The results on palladium are presented in Figure 1 and 2, by using SX and C2SX, respectively.
The preconcentration ability is decreased with the acid catalyzed breaking of SX below pH 4.0, but with C2SX it is constant above pH 2.0, at least.
At high pH values above 5.0, nevertheless silica gels (SG) scarcely have a ligand for complex formation to metal ions, adsorption capacity is observed a little. This back ground Table 1 .
Capacity
The maximum capacity on preconcentration of palladium and silver from the solution adjusted to a suitable pH is determined and shown in Table 2 . The results are in order of C3NHC2DTC > C3DTC >> C2SX >> SX. The DTC-immobilized silica gels are useful for preconcentration of noble metal ions, because of the large capacity and possibility of preconcentration from the solution under low pH values.
The each capacity of C3NHC2DTC and C3DTC owing to silica gels as a material is shown in Table 3 , The capacity of C3NHC2DTC is larger than it of C3DTC. It seems that the length of immobilized chains affects the capacity.
The 3A silica gel given the smallest capacity possesses the property of the smallest specific pore volume and pore diameter, in spite of having the largest specific surface area. 
